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(n) = U(n) − U, n = 1, . . . , N ©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kr) ak(t) − Bksrak(t)as(t)















Bksr = (φk · ∇φs ,φr)
C ′′kr = − (u · ∇φk ,φr) − (φk · ∇u ,φr) + (∆φk ,φr) /Re















A′r = Ar − A′′r|@k
C ′kr = Ckr − C ′′kr
fpegfihj[&Z   nj[G|@f
ȧr(t) = fr(a1, ..., aNr , Ar, Ckr) = Ar + Ckrak(t) −Bksrak(t)as(t)
ar(0) = (u(x, 0),φr)
Dz 




























































bk [ȧk(t) −Ak − Clkal(t) +Blskal(t)as(t)]dt.
¥W[&nj[
bk
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{
ȧr(t) = Ar + Ckrak(t) −Bksrak(t)as(t)
ar(0) = (u(x, 0),φr)
gonj[Gh}Ynpu1Y[&Z   
{
−ḃr(t) = [Crk − (Blrk +Brlk)al(t)] bk(t) − 2 [ar(t) − âr(t)]
br(T ) = 0
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ti = T/2 (1 − ξi)
¥ohpW
ξi = cosπ(i − 1)/(Nt − 1)
|~k
i = 1, . . . , Nt
ÂGhjW|hºorf

































































































j = i 6= 1, Nt
2(Nt − 1)2 + 1
6




j = i = Nt
¥ohpW
c1 = cNt = 2
|~k



















i, j = 1, . . . , Nt
|@np[wG|~r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a1r = ar(0) r = 1, . . . , Nr
Dijajr −Ar − Clrail +Blsrailais = 0 i = 2, . . . , Nt, r = 1, . . . , Nr
Dijbjr + Crsbis − (Blrs +Brls)ailbis − 2 [air − âir] = 0 i = 1, . . . , Nt−1, r = 1, . . . , Nr
bNtr = 0 r = 1, . . . , Nr
1i Iij bjr = 0 r = 1, . . . , Nr
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ȧr(t) = fr(0, Ar, Ckr) + Jrj aj(t)
¥WY[&nj[












fr(0, Ar, Ckr) ' 0
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at(t) = J a(t).
D 
VNW[fpu@lghjou1korf
a(t) = Q exp (Λt)Q−1a(0)
 	 
¥ohpW

























0.71 0.71 −0.10 −0.02
−0.00 + 0.70i −0.00− 0.70i −0.03 −0.10
−0.00− 0.00i −0.00 + 0.00i −0.32 −0.92
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a(t) =
[a1(t), . . . , aNr(t)]
T |~k
ψ̃(t) = Φa(t)
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u(x, t) = c(t)j
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ȧr(t) = −(∇p,φr) +A′′r + C ′′krak(t) −Bksrak(t)as(t) −E′′r ċ− F ′′r c2 + (G′′r −H ′′krak)c






E′′r = (uc ,φr)
F ′′r = (uc · ∇uc ,φr)
G′′r = (∆uc ,φr) /Re− (u · ∇uc ,φr) − (uc · ∇u ,φr)








−(∇p,φr) = A′r + C ′krak(t) −E′r ċ− F ′rc2 + (G′r −H ′krak)c
¥W[&nj[\hpWY[}YnpoZ\[GqFl|~kFhjo¯hjo[3f'|~nj[lYkY´PkYu¥k%©  ef[&hhpokY
A′r = Ar − A′′r
Â
C ′kr = Ckr − C ′′kr
Â
E′r = Er −E′′r
Â
F ′r = Fr − F ′′r
Â
G′r = Gr −G′′r
|@k
H ′kr = Hkr −H ′′kr
ÂPhpWY[¬­u@njZ\[&nfpePfhp[GZ,&|@k
I[nj[&¥njo¯hphp[&k
ȧr(t) = Ar + Ckrak(t) −Bksrak(t)as(t) −Er ċ− Frc2 + (Gr −Hkrak)c
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ȧr(t) = Ar + Ckrak(t) −Bksrak(t)as(t) −Er ċ− Frc2 + (Gr −Hkrak)c
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{
−ḃr(t) = [Crk −Hrkc(t) − (Blrk +Brlk)al(t)] bk(t) − 2 [ar(t) − âr(t)]






0 br(t)dt = 0∫ T
0 ak(t)br(t)dt = 0∫ T
0





bk(t)c(t)dt = 0∫ T
0 ak(t)br(t)c(t)dt = 0
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